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Patent 1 169344 - Abstract 



Ahflf.iyjtt I- of L he; m Disclosure 
A pneotoatlc radial Lire; for pafisenger Otii'Cf utfed 
undur a hitflx internal pressure of 55.0-3,0 kg/era* diacloned, 
whu>U vuiiiprlscs a body ref of or^emcuC including in comblnatf on 
of *. earcas* composed oi : at lease one rabbert^ecJ ply 
contain lh£ organic fiber cords arranged in a sub:; UmLi ally 
radial plane of \:[\e tire aA<l wound around a head core! hvro 
Lhe inside: toward the uuL£;ide thereof and a be I r. composed 
of at 1 j 0 1 Lwo rubborijeed layers superimposed flbovt 
a crowo portion of Lhe carcass, cacti of which containing 
high el.ast.Joi.ty cord* Inclined at a relatively small .<m#l e 
with reypect: t.o Lho circumferential direction of the tire 
and the cords of these layory being crossed with «ac:h 
Other, and further comprising sidewtill rubbers disposed ot 
both sides o.f the carcass and a J: re ad rubber with a two 
layer structure composed of an Under- tread rubbor completely 
covering Lho outer surface of the belt ano* a top -tread 
rubber superimposed hereabout. In Chiu Lire, the- under - 
tre^d rubber has ii Modulus at 2^ elongation of U,0«ft.<) tog/cin 2 
and a riyasml c moduLus of 8.2-3:5.0 kg/em*. 



- 26 - 
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v 



This invent: ion re J Ate ft to won am tic radial tires 
f o r p ;j t. « cngor c are , mid cr<o re p a r: t. f. <; u 1 ;.i rly to pncoo» tie' 
radial fcireR for passenger cars tised under a relatively 
high internal, pressure of about 2.0^2 A) kg/cui* , which can 
5 advantageously rcal-C^e r.k* improvement of rolling, iciilaL- 

anee without causing drawbacks such us deterioration of 
H.r2e feeling against vinrar/iox*, decrease ' of restoring 
torque in the corner ins and the like. 

At the time o latfiOi/ing energy-saving, the reduction 

10 of rolliA^ resistance in Li re a is strongly demanded 

order to- reduce fuel, -non suction of autoiftobiloc . In this 
connection, it is effective Lo decrease iniiirnal frier ion 
loss produced by the deformation of the ttre during the 
running In order to reduce Che rolling resistance of the 

15 tire. 

lit or dor to reduce the roiling resistance Uy 
decreasl ug tlie internal friction lorn; of {.road rubber, for 
instance, it is .usually per formed r.o decrease loRfl tangent 
(tan o) aor] ifns.<? vodulun (o n ) and raise rebound resilience 

1 

20 in the rubber tourposi tion for the tread, \.n L:hiH eaee, 

however, the wet performance being aci important property 
In this type* of tho tiro ih undesirably deteriorated in 
accordance, with the degree of improving the rolling resist - 
once. This relationship is shown in Viz. 1 as a function 

25 of rebomid • resilience of the- tre^d rubber. Therefore, >■♦. 

this ^ounteroiea stive cannot expect the remarkable i.mnrxwement 
of the rolling resistance unlcstf there is taken, another 
weans for preventing the deterioration of the wet performance. 
Particularly , there is found no ef feu Live means for holding 

30 the vet performance, 30 that the above coimterme&r.ure is 

- 2 - 
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not too effective, in [>racl£cc. 

As the second uouDt ernes evi re, it JL& particularly 
attempted to apply rubber having substantially tbi> name. 
cofaf>or;iliun as used in the fead c'ubbcr Lo aidev/atLs of 
5 the Cirt!. F.a this attecnpt, howw«rj the rolling resistance 

Is practically improved onty by about 3% or i^b*. while 
the damping cheroot eristic againiiL vibration produced J r\ 
the ti.re Is deCeriorriLed to adversely effect the significant 
rtde fcel log of Lho tare. 

1° ttusidGu, Lhere /ire adopted various mea/is for 

recliK--!i\g. th* rolling refiib Lance by weigh t- savin* ot tire, 
for exntiplc, by changing r.he carcass from two ply yCruuCvirc: 
to single ply titractnro or by making the vidtli of the belt 
narrow, but these means cause the deterioration oi the 

IS cornering- stability due Lo (.be reduction of rigidity i.n 

main rein forced portions ot" the Lire. Ab a rcbuit, they 
Arc unavoidable to ue critical, in the effect* 

Apart from the rubber composition JKti»en?.ng uhe 
internal friction Joss and the Wight- saving of tire «1S 

20 neotiOOCd above, it in uofibidcrod to improve Lho rolling 

resistance by raJntng toe internal pressure of the tlr« to 
reduce the deformation amount of ttie tire ^objected Co 
a given load* In this Catte,, however, the ground contact 
Area Of the tire is usually reduced v/ith the reduction cf 

2 J deformation Amount, which causes .the reduction of frier iouol 

force against dry and wet road . surface, so that >t ifc 
difficult to uoe the rubber compos ition for trt^d lessening 
the interna] friction loss. Fu r the rmore , the reduction oi 
deformation., amount due to hig>j internal piesijorizot ion 

30 does Tint !«rt'f,iri aptly develop the affe&iL vita Lh<> vubbor 
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aoupogi lion tor fii.dcsuvill lessening the* internal Motion 
\<>vx, but also lo*7ers r.V: liiifc-Cy lac tar whew ufciiifc togftJJier 
witti lite means for r.|\e we i gh t - living of Lht*. tf.rfij scj that 
the letter case lb obvious to he har<n,v T practised* Under 
5 snob cLrCuiiiblanceB, the roll tog r*0$xC(m<'-e its not improved 

to an expected extent, In fiiUH.f:ioTi , f.bc high internal 
press urination not only I Tttsn&Qea Ua impulsive force when 
the Lire striken on obstruct! 00 0 pro tr tided from road 
surface co deteriorate the ride feeling, jj^ainRt vibration > 

10 but 0I30 causes the reduction of the*. -cAqnJred restoring 

torque in Lhe cornering of tire, producing a cor Lain alip 
*ngl.e to deteriorate the cornering Bt'abi Hfcy , so that it 
is unmix table for . practical ose. 

The inventors have made basic! inveBl:i.gaf2.ow© 

15 with respect to the det'dnnot-JLoii state of. Lhc high internal 

pressurised Lire, and found that the improveuiettt of rolling 
r e b i s t a\\c. h " J r\ Vjuch (\ t i re is ac t nal ly. r e * 1 i z ed . by taking 
a measure as mentioned b[*low .without cauRLug n*eter J.oration: 
of r-ide feelirxfl agftiftSt Vl bra Lion Eind Che decrease of 

2Q restoring torque. That is, the invention results frORi 

such a peculiar research developmoot that the uhange of . 
contribution ratio Lo -.inter nal .fri.ct.ioJi Iobs ar. each 
portion constituting the; high- i fit ernal pressurised tire. Iti 
made clear as compared with' f.Kat of the* usM&f, .Interna] ■ 

2$ pressure tire. 

■. The' inveTitipo wLil now be described in deLail 
with reference Lo Lhe .aeeoiKpanyinE drawings, wherein-i 

fig, 1 is o graph showing a contrary relation ship 
bo two en inikex.- of rolling rc'.fliet;aric«- .snd Index of vet 

30 perfnroiw.ee- for rebound -.resilience of tread rubber as 
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merits oned above; 

Ki^s. and 2b are uraphsJ showing inEluencK* of 
a Ui Lie and dynamic rpodnl ( of under- Ire ad rubber on the 
rol ling resistance; p respectively.; 



5 Pigs. .)a and }h «rps tfraplvj showing inilucncefi of 

b La tic And dyivimtn cnoduli of CiiiCHts cos Ling rubber on the 
rol 1 1 ft £ rC-yis Lane o , re spe c r. ive Ly ; 

Figs, ((a and l%h acfi ftraphft sowing inf Iuoxhmui of 
i;t a Lie and dynamic moduli of belt COaLing rubber on the 
10 rolling resistance, respectively; and 

5 and 6 aire rc latitat ically radial half 
sections of enibodiictentk of thci pneumatic radial tire used 
under a high interna] preasur?. according to the invention, 
respectively. 

15 JTow, the deformar.l.rni of the tire U\ the running 

concent ra Less in the. ground contact area oE the tirt and 
Its neighborhood, but the deformation *taLo cit Llic ground 
contact area jut**: beneath the rotfltionaJ axf.fl of the tire 
Is dlfterent From that at. an entering or departing area 

20 near the ground contact area. Therefore, the feature of 

individually « rasping these deformation states Is particu- 
larly important- i.n order Lo reduee the rolling renis tanc: i: 
resulted trott the resistances to these deformations, 
Th« inventors have aimed at: this poi.nt and found from 

2.5 analytical result r by finite element method that the 

contribution ratio to internal friction loss in each 
portion of a Lire a a shown in the following Tab It: 1 under 
an internal prefigure oZ 2.5 kg/cm* , which 1c with i.n a range 
of: 2,0-3,0 Ug/cnv* a*me.ci at the -Uwentiovi, ia largely 

30 different iroiu Lh a L under a usual internal pressure of 
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2.7 k^/cm 2 appiied to general tires for paGsongcir cam. 
Ha re, r.^ft tread pur Lion jceCetn? a port. ion extending between 
Tmitu»> tread ends or shoulders, r.fcift bead portion means 
£i pOrLion restrained by a ftouge of a wheel rx.ro, and the 
sidcwaLl port ton meaafc a remaining portion ex Lending from 
tile tread portion to the bead .portion, 



Table 1 



10 



15 



Contribution ratio of each portion of 
tire to internal ir iction Ioub 



intern *iV 
pressure 


Ground Contact area 
jnat beneath the rota- 
tional a^ia of! tire 


Entering or departing 
are; a near ground 
CQVltect ar.fi* 


1 . 7 kg/cm* 


2.5 kg/cift 2 


1.7 kg/cm* 
41% 


2.5 k£/ccn* 
27% 


Trend portion 




<*% 


Sldewall 
portion 


38% . 


.25* 


43% 


53% 


Bead tyOCtlOlk 


. - 14% 


. 11%. 


1G% 


2TO 



• From the flat a of Table 1,- it is understood that 
the* hi.gh internal pressurized tire is high in the contribu- 
2S> tioo ratio of. the tread portion and low in the cojittibirtJLoji 

ratios oi the aidewaU and bead portiona at the, ground 
contact are=a just beneottv the Tpt*tior\a'J axis of the. rite 
•but hi£b in the contribution ratio oi' the : a HLtwu 11 portion 
at the entering; or : depart iaj?:- «rea near the ground contact 
25 area us compared VCtl* the uauhl.: internal pressure tire- 

• Therefore, tho . feature - ox reducing the internal friction 
: 1 o *s I p fi\i oh Ji o r.t 1 ons • ha v Uvg Ul fljh • C on tirtb ii 1 1 o n rat.'Jri J s 
said to.ee a techuic suitable for 'improving the rolling 
■resistance of the hign .internal pressurized tire. 
30 At .Ziral:, * thii inventors have made Studies with 
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respect Lo the interna]! friction lows of the tread portion 
loc feted AC the ^r-ounrl contact ar«a Junt beneath the rou- 
tionai axift of the tire and lound that there lc a difference 
in the deformation state between « portion near the tread 
5 surface and a portion adjacent to a belt. That is, the 

deformation of the portion near the tread surf act: f« 
determined by a force, t ronton! t Led between ttie tire ai\d the 
road surl-ace, while the defozma Lion of the portion adjacent 
to the belt is controlled by tvansiMt.tJ ri£ a deformation of 

10 the belt as a shearing strain. 

Aiming at the latter deformation a\\A considering 
that th<i deformation of the belt 1-3 oubsl initially determined 
by a tension or rigidity of the belt, i.t ir under stood 
that the .shearing Btrn1.ii appj ied to the tread rubber 

15 adjacent to the belt iz approximately con r taut irrespective 

of i Lb properties. On the basi3 that the uhcaring strain 

constant, Lhc internal frictioo Jor« fcl, due Vo I he 
shearing atrai.A of the tread rubber adjacocifc to the belt 
is expressed the following equation'. 



20 



EL = ±Cy* x vol x tan fi > ([J 



, wherein 0 lc a £tatie toodulua or dynamic modulus <G'), 
Y in a wa.lue of stcailX, ;\fi<1 Xim 6 i« a loss LangonL related 

* 5 to toss modulus or -rebound resilience, lljerefore , there 

xO obtained £i new knov/lsdgo Lhat the roiling resistance 
con be i<np roved by towering the value of G or G r in view 
of Lhe proper tier? of the tread rubber without nh.in£in£ the 
value of trin 6 in the equation (1> Lv red live tbo internal 

3D fci ction Jona. 



- 7 - 
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This ciew knowledge can be realized in irlcea 
coaiprJshi£ ;i Lr&iid o£ two laye r fttrootucc oompoLicd of 
an under:- tread rubber far completely covering Lhc bull: and 
a lop - tread rubber by a* 1*0. ting the static or dynn tnf.c 
modulus of nib)jftr for; tac unci or- tread rubber witMo a partic- 



ular rouge, of lower values/ 

In Ft&S, 2<i and 2b ar<> shown veaul.r.ft f'or; the 
rolLi«£ resistance actually m«ABured hy rhanjrtvija; modulus 
or. 25% elongation {h e rain a finer referred to ai» 25% Plod, > 

10 and dynamic modulus as properties, of tho nndor- tread 

rubber under a high internal pressurised cnuditiofl (internal 
(>rcfeiiuro^2 . S .kg/cm* ) 3 ' respectively , As apparonL from 
these results, when tbo ( under - Lroad^uh'ber) has /iSftMod. of 
2.0-OrO ky/eni 8 and dynamic modulus of .8,2-33,0 kg/em* > Lho 

IS reduction of the rolling resistance to aa an tudex 

value can advantageously be achieved. 

Moreover, the- dynamic modulus 1,s a value flCjeafrurcd 
at 50*C, 15 Hz and an amplitude of dynaniio Shearing a train 
of 1% by means of a mechanical* spectrometer (made hy 

20 Rheometr-Js Corp,), 

As previously iiuyriLioued, whan a given load is 
applied Lo tho tire under a high Internal pressure, tha 
Kround contact area -of the- tiro roducea with the ducreaBP. 
of the defopwition Amount* of the rice, which in ulxo 

213 apparent ' Do eautte the increase of: ground contact* pPftSStire- 

of the "tire, A* a ro^ul'L,.a larger compression strain J*s 
applied to the tread rubber* as compared with the case 
under the' usual inLornal prt»»«urt>," which a(.»o acts r.n^e.t^ber 
with tlxe she a ring 'strain produced by tbe defoliation of 

30 the belt to the under- tread, rubber. 
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Ac&torA S.ujCcly > the feature that 2?>% Kod . im <J 
dynam-Jc modulus of the under* t. read dibber ftr* l; clue Led 
wv thlrt the particular range of l.owr Values weans that the 
oaniprc&sion deform At .loo ftCfKuihl of Lhc tread portion c/ju be 
increased and hence the ampuls i ve force in T.he striking oC 
the tire On obstructions protruded from read nut face can 
be reduced to cover the deterj orati ay\ nf d.d« fee 11 tig 
against vibration due to the hlffh interna] ore.fi 6 urination. 

Moreover, it is favorable thai the tin evenness of 
the deformation at ground contact of, radially outw a \xi 
tread rubber per Lion or top t r e ad mfr h e f a which is pr od need 
by Lhfe di f ference Itl 25% Mod, and dynamic iiiodu h in het.ye.en 
tbe top- tread rubber and the under -tread rubbe r, is dispo sed 
by the under- tread rubber to a V Cain uniform eon tact of 
tire with road surface. 'Thin is particularly effective 



whevi the tire la? run at a given slip angle during the 
e or no ring, vhdeh doe a uoc or use &U>>£; taut inlly Che decrease 
of restoring Lorque even when the tire 'Is ixHed under h'J./jh 
internal pressure. ' 

2 A Mox'L, the invent ol'b have aimed at t.he rip. Formation 

state of the sldew.nJJ portion jrtv'La£ * lor^e contribution 
ratio CO internal friction loss at the entering and depart- 
ing areas near tbe ground contact area of the high Internal 
pressurized Lire. In Lhi* connection, there are known two 

±5 deformations > one of which belri£ a bonding dcfonoaLion 

produced on the outside of the sfdewall portion and the 
Other Of Which bein£ & shearing dcf'OL'HiaLiori produced 
inside the eldewall portion. Particularly, the shearing 
de£o reflation becomes important because it ia mualJ in the 

30 grnaiid contact area just beneath the rot at tonal axis, of 
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the tire bur. occupies /5% ol total deforce ion of I he 
Sidewall port -Loin the entering and dtp «r tin?, arews near 
the groined coatavL nr«ii. Wow, the inventors have furtfcfti: 
aimed at » strata produced by the a hearing rie format .Lou Or 
5 a flhearirtg a train and got a significant knowledge a* 

described below. 

That is, tlu* distribution of rhe shearing strain 
in Lho thickness direction of the s id cWa II .portion is 
maximum in the vie f ri.lt y i>f the care a* b ply cord and the 
10 shearing deformation of the sidewall portion i.s substan- 

tially determined by the .tens Loci of f.he" Caruatfs ply , bo 
that the shearing strain, of rubber arranged in the si dew a 3. 1 
portion xb approximately constant irrespective of ita 
propftrfl.es, 

15 ' On the basis of the above f act , it hab been 

accoaiplibhcd that the rolling reai stance can be Improved 
by lowftdAR the -static modulus G or dynamic' modulus Ci' 
according Lo the aforementioned equation O) showing t.he 
intftvnal friction loss due r.o the shearing &Lrain without 

20 the change of Iohk tangent, loss' modulus or rebound 

resJ Hence as carried oat in the prior art. 

Tho office tivity of the above knowT.ed^e can be 
developed /at- laaxltaum . by ap» Lying*, to a coating- rubber for 
carcase ply cordt? or a l* areas tt coatoiig rubber vi tJh ouch 

25 a consider t\t loir that the b hearing strain is maximum in the 

vicinity ' Qf the carcass,. Really x a 'change of the rolling 
reuiii Lance waa measured . J>y changing 2?i% Mod. and dynamic- 
modulus of -the .ca roasts .coating rubber uncler a hi^h internal 
pressurized condition .(internal *p r ensure- 2 ,.S k^/cm* ) to 

30 obtain results- a*, afcoW J.jx P-Jgs; 3a and 3b'. ■ from the data 



10- 
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o±' Figs, 3a und 3b, it ban ker;u confirmed that if the 
index of roR-uvK resistance is 100 in c^nci l-.haf. ?J>% Mod, 
e£ the carcAfla teat \(if> m rubber is about <3 . 3 kg/cm a as user* 
in the prior art , the rolling uuj-Lh fcante of the high- 
S Internal pressurized t^re onr\ he improved CO 92-85 as 

an index vaD.ua when the eareass coaling rubber has 2.S% MoiJ • 
of 2. 0-6.0 kg/ejn* and dynamic modulus of 8,2-20.4 kg/cni* . 

When 25% Hod. an.d dynamic mudulus of the carcass 
coating rubber are selected within the particular ranges 

1 0 of lower values as described Above > the ride feel/lug 

againsL Vibration and r.he convert^ Stability of the high 
internal prcaGuri£.cd Lire arc Further improved. 

The Invention is to advantageously achieve the 
improvement of the rolling resistance in the pneumatic 

15 radial tire used uader an internal "prea cure higher than 

the usually u^ed Value aa mentioned above, And Is partlcu- 
\. iarly characterised by ' a electing 25% Mod. and dynamic 

modulus of r.be .under- tread rubber and further the carcass 
coating L'vbber' Irorti the particular ranges (if lower valuer. 

20 The above experylnxeot-s wer;e c\a<ife under aa Internal 

pressure of 2,5 kg/cm* . However, when the internal pressure 
is siighLly high&r than the above" vaI.im> % or whan 25% >1od, 
of the top-tread rirbberMs hi&he.r.' than 2-5 timer; of 25% Mod. 
of the under- tread rubber and hence the cprapre ssion strain '• 
<> \ 25 due to iihjk di f (Ference "in the propertd.es between, the uivder- 

tread rubbe.r and the top -tread rubber in apt to concent rote 
in the under- tread" rubber > .there may be reduced the improve- 
ment of the rolling resistance Lo a certain extent..- 
In thti3 case, the lets roodu3us anxi l.o** tangent of the 

30 under- trfcad rubber can be nude y ma Her. than th03e Cif the 

~ U - 
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top- tread rubber so as l:o meet the object. 

Ace o rd f. ng to t)>e J. i \va r> t i an , the re i b u b* d & belt 
composed of. at least, two layers each containing high 
elasticity cor.-da therein and a.tso 5.«3'!t Hod, anO dynamic 
5 moduluft of the under- tread rubber a ad etlr<Mi;u coating 

rubber are lowered, 50 that there way be C3u*nd h tear of 
pro flu r. * $ ara Caen £a i 1 ure re 3 u 1 1 e fl f r d A di u COu (. i nu i Ly 
of rigidity under sRyfeire conditions. Such a failure can 
ea&ily bR solved by selecting 25% Mod. and. dynamic moduli)*? 

10 of a coating- rubber for co.rda of the bait or s belt coattf>£ 

rubber fruiti particular raises pf lower values to make the 
difference of the rigidity ttflall. 

In Lhia connection, when the under- tread rubber 
ha» 2S% >5ort. of «--*> Ug/Cto* and dynamic moduluu of 26, A kg/cm* 

1.1 and the carcasB coating vu&bfcr has 25% Mod. of 0.0 kg/cui* 

and dynamic modulus of 20. A kg/cm* 2 , tbe ctuvabll f.ty to 
lieparacion -fsilurft is im«.v;u ted With re^poct co Lires A and 
• ft, wherein' the Lire A ' coiupriaoa a belt costing rubber 
having the aanie Hod, of 15,0 kft/cto a and dynamic modulus 

20 of 3? kg/em* au in the prior art' and the V<r:e comprises 

a belt coating vuh.ber having 25% Mod. of tf.D kg/or.^ and 
dynamic modulus of 32.<3 kg/cu?, to- ;ob L-arfn ' a reBuLt: •. as ' 
shown in. *.l:hV fo 1 Towing Table 2. wfcitdv 1.3 .expressed by 
00. index' Oil* the basii?. that a tire havii-kg the same values 

25 of 25% >1od, and dynamic modulus of the under- tread rubber, 

carcass coating rnbhar And b*j t . coating rubber US in'thc- 
prior art if5.100.' Hie larger Che. index value, the better 
•tbe durability;., ... .*.'•••' 



SO 



12 
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Table ?. 



Tire 



?Ti\der- dead 
rubber 
25% Mod. 

6.i> 



6:3 



CarcAua coat- 
1tj« rubber 
2$£ Mod. 



6.0 



6,0- 



K*'U coating 
rubber 
23% Mud. 

1S,0 



8.0 




As apparent from the data of Table V,, vyheti 

10 Mod. and dynamic Modulus of the under- tread rubber arid 

carcass costing rubber are merely lowered, there is eaubod 
such a f car thai the durabi'ii ty d r deteriorated to SO as 
an index value muter severe COndiT.i&AO , which car y\i.Efi- 
ciently be salved by lowering 25% Kod. and rlyn^iidd mocluYu? 

15 of the beit coating robber. 

Moreover Lhe feature thar. the reduction of 
rolling resistance aiaicd at Cho invention \* more ndvaa- 
tageoirsly promoted by lower lug 2S% Mod. and dynamic modulus 
of the he'U caatlaj} rubber results from analytical rc-sulL* 

20 for the deformation Btate ot 1 the belt: during the rotation 

of the r.tr.e. Here, cYjfe deformation of the belt means 
a slip deformation produced in the belt copinone.cl of not 
less than two layers Uoteila/niriar' shearing deformation) , 
which ir parr.-lr.ufar ly important Ixt zucb a viewpoint that 

25 It concentrates in the vicinity ot" end portion a of the 

belt to Increase the internal friction 'los*. That is > the 
strain produced by the inter Laminar shear? n)? deformation 
of the belt ib determined juainjly by various dimennioub 
smr.li n$ curvature ot* tire f.read portion* curvature ot 

30 belt, angle of cords arranged in b^it, width of bell, and 



http://patentsljc.gcxa/fcgi-bin/any2html 



Q1169344dis.afpPage 13 



1169344 



the Dktt, .<jo UiiiL Che belt ia flu*jject*r\ to a tantially 
r.oastaut strain even vben changing the proper tien of* the 
belt uoatina rusher . On the basia that the strain of the 
belt. *s none: taut , the internal friction lose* of t.Ue bell 
5 coating rubber is a'J.Ro expressed by the equation (I). 

Kor this reason* lhe internal friction Idbb of the belt 

siting rubber can be. reduced to Improve the rolling 
resistance by Lovavlirtf-. *-he static aiucUtLus C or dynaftiic 
modulus G 1 of the equation (1) without the change of lose 

10 tangent, lotas modulus or rebound treBiller.ee a* carried out 

in the prior art. 

Since the improvement of rolling reni stance i xx 
the high internal pressurised tire is related to member* 
arrant in the tread portion and having & lar-je con- 

15 tribuMoin ratio to Internal friction loas previously 

mentioned,, the change of the modulus J n th« belt coating, 
rubber 1s. also more advantageous . for tbe reduction of Lhe 
rolling rotfibfcanco. KeiiLty, & change of the rolliflfc 
resistance was measured >>y ohaugjug 2b%!io<\. or dynamic 

20 muduluD or? the belt coar.iiig rubber utv.de r c* hlflh "La tern a I 

pressurized condJt'oo (Internal pressured. 5 kg/cai 2 -) Co 
obtoirt results ai: shown in Fijgti . 4a and 4b- From the data 
of* F±kr. htx and 4b, it has been confirmed that if the 
index of rolling re si stance ia Iftfl. an case tl\ar. ^Sft Mod, " 

25 of the belt coating rubber is 15.0 kg/ecu* , the roJ l.i.nj- 

reRi stance of the t.lre can be improved to 92-86 «i£ an index 
value when the belt - coating rubber hae 25% Mod. of A .0- 
10,0 k&/ct(C J and dyxiainie modulus of 1&.2-40.5 kg/cuv 5 . 
Moreover, When 25% Hod. ±n leas than kg/cm 2, and the 

30 dynamic modulus is less than 16,2 kg/cm 2 , the belt 



l/i - 
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containing uurcht arranged in a n aid I recti on is too soft 
and the mam.it ac tuce. of tl.re becomes practically difficult. 

l\) order to confirm Lhxt t:on<:rute effect of the 
invention, Che following, tastr? were made with r^sp&et 
5 to & tira having a si** ot .185/70 8K .L4 as shown in Fig. 5, 

vb ere in reference* numeral 1 i s .<> top- tread rubber, reference 
numeral 2 an under- tJ-*.od rubber, reference mnnera.1 2 
a belt, reference rawer ol A 0 carcass, reference numeral 5 
sldewnll portion and reference numeral 6 c* bead core, 

W At firat^ a control tire WAS prepare ft by u*£ng 

an under- trm ad rubber having 25% &od\ of 9 k«/<!^ and 
dynamic moduLus of 37 .4 kyj/rtin* , a belt coating rubber 
having 25% Knfj, or. 15,0 "kg/cm 2 and tlyiia/aie modulus of 
59.0 kg/ciit 2 and n cArt:aBR coating rubber having Mod, 

15 of. 9.3 and dynamic* rtiudalua of 38.2 kg/cm*, which 

was utfiiatly used under an internal, pressure ah; 1.7 k£/CTP fl , 
1'hen, the rolling reader: am: c of. the, control tire was 
measured at running ape arts of 50, BO /md 100 tun/hr under 
internal procure*' of 1.7 itg/cstfi and 2.5 ki*/ejiv* to obtain 

20 results aR shown In the fo'JlovlUfl Tab re 3, wherein t.he 

improvement of. .the rolling resistance is expreMwd by 
an index on the basis that the control tire used under the 
Internal prOtbtire of 1.7 Kg/cm* is 100 and the dialler the 
index value, the better the i/Aprovemont of the rolling 

25 resistance. Frota the far. a of Table 3, it i* understood 

that *hcn the control tiro ls t>acd it rider a high internal 
prefi3uriaed condition (.Internal pressure-?, ..S kp/cio^}, the 
rolling resistance is improved by about' compared 
with that of the control tire used under tba Internal. 

30 pressure of 1 - / kfl/cm* , 

- 15 - 
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Table 3 



5 


Internal 
\. pressure 
Index 

resi stance «K 
A given runningNv 
tfpuiid 


1.7 kjs/etft* 


2*5 kg/cm 2 




•.SO icm/hr 


10.0 






BO kKi/hr 


100 


B7 ' 


10 


100 fcm/hv " 


100 





Then, .there wt*re provided F.our. fci.reR OK.« ear.b 
be tog embodiment of the Anvent-JLon, and theft the rolling 
robi stance Lharuof was measured at running upeeda of ijO, 

15 80 and 100 kin/hr under tho internal pressure ol 2.5 kg/c(fl 2 

to obtain retinitis as shown in th« followf Table. 4 together 
with the rotmlc of Lbi> conLrol tire, 'these four tirea C-F 
Kad the. same size., structure aftrf rubber properties as in 
the control Lire except 25% Mod, and dyuaffiiu. /uudului; of 

20 the rubber showrj in -Table 4, 



30 



- 16 - 
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As appar'ftnr. fron Tabic 'r, the rolliixg reft t*r:ni\ce 
ot the hl^h ffttefcjul prct>biurir,eri tires according to Ctie 
in vent Ion iu considerably improved by {relucting 25$ >lod. 
iind dynamic modulus of the Under- tread rubber as vel.1 OS 
5 f:hi>*r. nt the carcass cuaLiug rubber Aort/or the belt' coating 

rtibbor within the part to ular rftftgeu of lower valiies as 
compared with the ConLrul Lire , so that. nertt.fi by Ulgh 
internal : p/.esburissaLion of the tire caw advantageously be. 
roali&ed. Par-tic at arty, the improvement of Lho rolling 

10 reaistanc*. 1a sbout 2b% in the Lire C, about: 34% in the 

tire D, nbouL $&% in Che tire 'R and about- 48% tfl the tire 
F as compared with the control tire. 

Next', eaoh of* Lhe control tire and t1 res C-F was 
placed on a drum provided with a protrusion' and Lhon run 

3 5 at a low or high rotating ape.ed, during which a force 

produced on the rotational artifi of Lho. Lire waa measured 
lo r cv a I ua tion- o F r ide i. ee (.tuj* af r fl t AS t" V ib r a t ion to ob La i n 
result* as shown in the foil owing Table 5, wherein tha 
ride feeling against vibration Is exuressect by ao index on 

?.0 the basis thuL Lho conLtol Lire (internal preenure=i . 7 kg/cm^) 

is. 100 and the. .larger the Judex value, thp. better; J. he 
• property. 



25 
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As c*]>parc?Jifc from the data of Table 5 % the ride 
Ice ling against vibration of the tires OF according to 
the invention \3 substantially equal to that of the control 
tfre (interwul preu'vura-l . 7 kg/a« ft )i £.0. the deterioration 
S of ride lee lint; against vibration ik nut eit'Cu&lIy caused 

wen under a high internal pressurized condition. On the 
eutitrciry, when tho eontroi Lire is used under a higher 
Internal pressure (2.5 kg/cm 2 ), the rolling resiwLance is 
f? o m e w h a t t trowsfl j In j K the V tde f e a 1. 1. Utf &>> A t u s r vf brai: f .on 

10 ?s cwuiLdAcably det a r. located as apparent, from th* r.owparf son 

of Tables 3 and !>. 

Furthermore, each of the control tlr* and tfr«« 
OF was measured wifch retpoet do the res Luring tor que ill 
cornering to obtain results as shown in the" to Gloving 

15 Table. 6, wherein r.hp. restoring i.orque is express ex/ by 

an index on Lhc btusle that the control tiro (internal 
prfcARurfc-l... 7 kg/rra 2 ) ir? 100 and the larger the index 
value, the better the property, 

20 Table 6 



Control tire 


Control tire 


Tire C 


Tire D 


Tire Ii 


'Ji.ro 


(T.4t«niA'l. 


(I Atonal 




(Intc; rua I 


(Internal 


(Internal 


pre saw re. 


prosper*; ' 




p rc^N kel i;« 








=2. 5kg/ cm*) 


=2, 5 kg/or.*) 


=2. 5 Us/ cm*) 






loft 


• n ' 


HOD 


1DI 


9* 


102 



An apparent from Table 6> the ratorinjs torque 
Of the r.ontroJ tire in considerably d*i tor Lor a Led when 
using under a higher in tcm^'il |>reasut;l&*d noivtf fton (internal 
30 pt*?saur«~2-.5 [tfL/c.m*) t while the tires according to the 

- 20 - 
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invention do not cause the decrease ol Lhc restoring 
tooiiue, 

Hori&over, when tfte tires OF accordxng to tbe 
invention were ran on a <tr*ino n cider severe conditions ai 
5 M^Uer internal pressure (3.0 k£/cjft 2 ) and higher load 

(200% J1S load) j. there was caused no great difference in 
tbe properties between Che according to the invention 

Oft 6 the control Lire. 

The following teste were made with respect 
10 to a tire G having a -srUe of- 175/65 ft 13 and ao aspect 

ratio of 0.o. r > vas shown in tfig> 6, whitih is another rabodt- 
menr. of r.i\e h.t&h internal pressurized tire according to 
the invention (internal pre»k*\ire-2 . 5 kg/cni 2 *). In the tire 
G s the under- tread rubber had Mod. of 6-5 k»/om 2 and 
15 dynamic- iDodu'ius' oi' 26 . 0. kg/em 3 , Lhe carcass coating rubber ■ 

hud 25% hod. of 9.3 kg/em* and dynamic modulus o£ 38,2, Iqj/cm* 
and the. bel.t co.ottcxg rubber had i.'i'ft >Jr>d. ot B-A Wcm* and 
dynamic A&duliiti of 32,9 kg/cm 8 . Fur Lhfc .comparison, there 
wa.q uaeci the »ame rontrof tire ( Interim I. pre-ftflure-i . 7 kg/cm 2 ) 
20 ae described aboVi! except that & tire £Jl2e i£; 145 SR 13 

Mid an OCpect rat'Jo is 0.82. These two tlcee were measured, 
with respect to the rolling ee'Ji-j Uuioe „ durability nnd 
cornering Rk: ability under Lhe following* teal; conditions, to 
obtain results a* .shown in the following Table 7, wherein 
2$ etich property is/ expressed by on index on the basi* r.hat: 

the' onuJLr^l. tire is 100.- 
(i> Test for rolling resistance;- 

The tire' was rotated on a drum .having a diiuieti»r 
rif l,/07 mn* by the driving o£ a Motor, arid . 
3 A the re« titer the dri ving • .of' thu ]iiou>r w«is- stopped 



21. 
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to rem the drum by inertia, during which Lhi* 
roil ring resistance was inesi eurad from the decree 
o£ deceleration Hneed. The smaller the Index 
vo'Lwfti the better the properly, 
l i (2) T*:it for durabiliLy; 

The tire was rem on the drum under severe condi- 
tions of high internal pre&Biire and high load, 
during which a running distance till the occur- 
rence of. M.re failure was measured . The larger 
10 the iodeK v^luc, the belter Lh<r. 'property , 

(3) I'oivC lor cornering s Lability: 

The cornering power was measured with respect to 
Lhe Lire running on the drum. The larger the 
index value, the better the property. 

15 

T{ible.7. 





FolJing 
re s i sr.*mce 


Durability 


Co lmer ±Ttg 


Control tire 


mo 


100 


100 


Td re ft 


a- 


100 


:io;j 



Ab Mentioned above, acttordinjg Lo Lhe. invenLion, 
Che rolling resistance of piiciuiuitiC radial Li re a tot 

25 pas$eii£.et cars used under a higher internal pressur:* of- 

2i0-'i»0 kg/cm z can advanLa^eousJy be reduced without 
causing, the deterioration of rlde feeling agatast vibration 
wnr) the decrease, of reftr.ori.ng torque in t:he cornering, 
which are drawbacks in tho conventional M.jpJ) internal 

30 press iirlz-ed tire- Furthermore , the tire according Lo the 
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.■invention ts excaT.lfcnt lt> the corner ing stability end 
durability evej) when it hua an appear, ratio ot not more 

5 



10 



IS 



20 



30 
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?he embodiments of the invent ion in which ait 
ox elusive pi-opfeL'Ly or j>ri.v\,l cjfjc 3 * ci Aimed ar« defined as 
ioi lows : «• 

1. In a pneumatic radial it. re fx it: pa&aenger Cars 
used imder a Mgh internal pressure of 2.0-3.0 kg/cju 0 > 
comprising a body red n I: orcein op* inc'|\jdi.nR in coiphin.ai:ion 
of a cavcaftR rnmpof?Ar] of ot least one rubberized ply 
containing orflaolr, fiber cordc arranged in a substantially 
radial piano of Lh*! Lire and v/ound around a head core from 
the inside toward the out.aide thereof and a belt composed 

at least ' two rubberised layers supor imposed abouL 
a crown portion of the 'carcaafl > each of. wbich con tain -fit/* 
UijsjH elasticity cords Inclined at a relatively i/mall Single 
with rcspocl <_o Lhc c irexun f tr en L i al direction of che hire 
and the cords of chci*e layers being crossed with each 
other, aurf further comprising etdewiLI. rubbers disposed ot 
boLh sides "of the carcasa and- a trcari rubber with a two 



lay&r structure compoaeri of an ( S^er-ti;ea^ (£ ubbe^ oompletely 
covering the outer surface of Lhe belt and a {top- Iteni 



rubbey super i.Tapo Red thereabout, the improvement wherein 
^ ■ — J 

said m idar-traad t'ubbo r ha* a modulus &L 25$ clones t Loo of " 
2,0-A.O kg/cm 54 a*d a dynamic jnodu.fus.of a.a*33;0 I;r/W* « 

2. '.'The pA'.euAatie ractial tire according to claiarl, 
wherein a coating "rubber foe aalr] .b>J.t baa a modulus at' ' 
25% donga Lion. 'of 4.G-10..D kg/cm? and a dynamic modulus of 
U, 2 -40,5 kg/ck 1 , 

3. . The pneumatic radiaf. tire according to fclaiin I 
or 2, wherein a coaling rubber for said carcass hiis 

a modulus at. 25% elongation of 2. 0-6.0 kg/cm*: and a dynamic 
modulus of 8. 2-20. 4 kg/em*. 
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A, The p/ifeurjwjt f r. //eiditil lire according to cla.im lj 
wherein sa1 d uncle C- tread rubber has ioas modulus A\jd Inaa 
La-n^t smaller than thom» of: Raid top-r.read rubber. 

5. The pncmamt.ic. rart-Ul r Ijc'^j according l.o claim J, 
fabcrtiin naid rir* has an aspect ratio of hol more uhnn 0.7 



- 25. - 
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